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S ::= x:=A assignment
| skip no operation
| read(i) input read
| write(o) output write
| S1;S2 sequencing
| if B then S1 else S2 conditional
| for i = n1 to n2 do S iteration
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Fac
regxyz+¤¥©Ririiv{½~yr8~ayi{+iu|¥w2wxyh0gzIs*~<su|§xY{Er|§h0g¤¥ii{gxyz+ye9suxZguivri{Qs
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Fac = read(i) ;
if i > 10 then i := 10; o := 1; else o := 1;
for l = 1 to 10 do
if l <= i then o := o ∗ l; else skip;
write(o);
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adc3aie
(skip) =
jkgAaie
(skip) =
fhglade
(skip) = 1adc3aie
(read) =
jkgAaie
(read) =
fhglade
(read) = 3adc3aie
(write) =
jkglade
(write) =
fhgAade
(write) = 3adc3aie
(x := e) =
jlglade
(x := e) =
fhgAaie
(x := e) = 3adc3aie
(S1;S2) =
adc3aie
(S1) +
adc ade
(S2)jkgAaie
(S1;S2) =
jkgAaie
(S1) +
jkglade
(S2)fhglade
(S1;S2) =
fhglade
(S1) +
fhgAaie
(S2)fhglade
(if B then S1 else S2) = 1 + max(
fhglade
(S1),
fhglade
(S2))jkgAaie
(if B then S1 else S2) = 1 + min(
jkgAaie
(S1),
jkgAaie
(S2))adc3aie
(for i = n1 to n2 do S) = (n2 − n1 + 1) × (3 +
adc3ade
(S))jkgAaie
(for i = n1 to n2 do S) = (n2 − n1 + 1) × (3 +
jlglade
(S))fhglade
(for i = n1 to n2 do S) = (n2 − n1 + 1) × (3 +
fhgAaie
(S))
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S = if B then S1 else S2
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Fac1 = F [Fac] =read(i);
if i > 10 then i := 10; o := 1; else o := 1; skip3;
for l = 1 to 10 do
if l <= i then o := o ∗ l; else skip3;
write(o);
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if i > 10 then i := 10; hbeat; o := 1; else o := 1; hbeat; skip3;
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3;
for l = 8 to 10 do
hbeat; if l <= i then o := o ∗ l; else skip3;
write(o); hbeat; skip5; hbeat;
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(c) + ε < T
(2) t ≤ adc3ade (S) (3) −ε < t ≤ T
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τ
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= S1;c;S2 . . . c;Sn (1 ≤ n)
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t ≤ adc3ade (S1) < t + ε (Init)
T − ε < adc3ade (c;Si) ≤ T + ε (1 < i < n) (Period)
r − ε < aic3ade (Sn) ≤ r
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|¥ri¬segivi®|¥r:{gxyseg|¥{g sxG|¥{+r¡iv¡s¸ª
gªd!egi8su|§h0iuivr|}Iz+~¤
t
h¦|¥yeQsG©Ri{giQ~<su|§³yi8©gzIs{gx¤§iPrr?se+~y{
ε
ªk?segiv°|}r¡iY²|§sG°®xyzg¤}ah0iv~y{
sue+~<sse+i7|¥IiP~¤ xY|§{Qssx0|¥{+ris
c
e+~Yr!©Rii{h0|¥rur¡iP©Qph0xyui sue+~{
ε
su|¥h¦i7z+{g|¨s*rª
&  Ê Ê $?:I &  Ê  Æ P Ç   Ê BcË: $ Ê   Ê c Æ   Æ  Æ BË :#Bc i7+x<³yiGsue+~<s?MuxyRiv¡stp
egxY¤¥+r®¢£xy
0 < t ≤ T ²g©qprtsuz+wszg*~¤|¥{+Iz+ws|¥xy{xy{ S ª
  a S = a ! ?®peQpqRxysegiPr¡|}r² 0 < t ≤ aic3ade (a) ²qrx ITc (a, t) = a;c
ªUd!egi	xY{g¤¥piIivwzIs|¥xy{0suu~Ywi
|}r
a;c
.
= a;c;void
²g°eg|}w*eru~<su|¥r¡Ã+ivr®se+i7gxYRis¯pYª ¯{+giiv4!
 
?®pgiÃ+{g|§s|¥xy{x¢
ε
² aic3ade
(a) ≤ ε ~{+ ²I©QpeqpQRxysegiPr¡|}rv² 0 < t ~y{+ t ≤ aic3ade (a) ²Isuegiui¢£xYiD!
t ≤ adc3ade (a) < t + ε (Init)
 
¹+xYh adc3ade
(a) = t + r
°|§se
0 ≤ r < ε ~{+ aic3ade (void) = 0 ²g|§s¢£xy¤¥¤§x<°	r®se+~s
!
r − ε < aic3ade (void) ≤ r (End)
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	 /2)7'> +
  a S = S1;S2
! d!egivi7~yiGs¯°%x«r¡z+©I[wv~yrivr!Iiviv{+I|¥{g2xy{
t
ª
yª adc ade
(S1) < t
!8d!egiui¢£xYi ITc (S1;S2, t) = S1;ITc (S2, t −
adc3ade
(S1))
©iPw~yz+r¡i2x¢!zg¤¥ivr2
~y{++ª
j%xY{+I|§s|¥xy{Ì·BY¸i{I¢£xy*wiPrse+~s
t <
adc3ade
(S1;S2) =
adc3ade
(S1) +
aic3ade
(S2)
²suegiui¢£xYi
t − adc3ade (S1) <
adc3ade
(S2)
ª)j%xy{+I|§su|§xY{ · Y¸i{I¢£xYuwivr«sue+~<s
t ≤ T ~{+² ©Qp»eQpqRxsuegir|¥rv² adc3aie
(S1) < t
suegiui¢£xYi
0 < t − adc3aie (S1) ≤ T −
adc3ade
(S1) ≤ T
ª \?i{+wiy²
S2ru~<su|¥r¡Ã+ivrse+i9|§{+gz+wsu|§xY{`eqpqRxse+ivr¡|}rv² ~{+ ∀τ2 ∈ Traces(ITc (S2, t −
adc3aie
(S1))), τ2
.
=
S2,1;c;S2,2 . . . c;S2,n (1 ≤ n)
~y{+³yiu|§Ã+ivr
!
t − adc ade (S1) ≤
aic3ade
(S2,1) < t −
aic3ade
(S1) + ε (Init)
T − ε < aic3ade (c;S2,i) ≤ T + ε (1 < i < n) (Period)
r − ε < adc3aie (S2,n) ≤ r
[¢Radc3ade
(S2) = t −
adc3ade
(S1) + q(T −
adc ade
(c)) + r°|§se
0 ≤ q ~{ 0 ≤ r < T − adc ade (c) (End)
?{QpiIivwzIs|¥xy{Es*~ywi
τ
xy¢ ITc (S1;S2, t)
|¥r8h2~ygix¢?~{½iIivwzgs|¥xy{Es*~ywi
τ1
x¢ ITc (S1, t)¢£xY¤§¤¥x´°®iv`©Qp`~{ iIiPwzIsu|§xY{ suu~Ywi
τ2
x¢ ITc (S2, t −
adc3ade
(S1))
ª ¯{ xse+i°%xy*grv²
τ
.
=
τ1;S2,1;c;S2,2 . . . c;S2,n
ª:d!e+i®guxyRiv¡stp7|¥rUr~s|}r¡Ã+iv8|§¢
t ≤ adc3aie (τ1;S2,1) < t+ε
²°eg|}w*e8¢£xY¤¨
¤¥x´°	r¢£uxyhKse+i®¢c~yws"sue+~<s"se+i 	)7'"6(&!¢£zg{+ws|¥xy{0ru~<su|¥r¡Ã+ivrsuegi!MuxyRistp«·ByY¸²1-/. 01.328adc3ade
(τ1) =adc ade
(S1)
²+~y{+se+i7eQpqRxsuegivr|¥r aic3ade
(S1) < t
ª
Iª
t ≤ aic3ade (S1)
! ¯{$seg|}r	wv~yriy²qsuegiui7°|§¤¥¤ ©Ri~s	¤§iP~yr¡sxy{+i|¥{+r¡iv¡su|§xY{$x¢
c
|¥{
S1
²+~¢ siv
t
s|¥h0i
zg{+|¨s*r²+~y{+RxYrur|§©g¤¥p«xsuegi|¥{+ris|¥xy{+r!i³yivp
T
su|§h0i7zg{g|§s*r!
ITc (S1;S2, t) = ITc (S1, t);ITc (S2, t1)°|¨sue adc3aie
(S1) = t + q(T −
adc ade
(c)) + r, 0 ≤ q, 0 ≤ r < T − adc ade (c))
t1 = T −
adc ade
(c) − r
oq|¥{+wi
t ≤ adc3ade (S1)
²
S1
r~s|}r¡Ã+ivr"suegi	|¥{+Izws|¥xy{«eQpqRxsuegivr|¥r¬~{ ∀τ1 ∈ Traces(ITc (S1, t))
²
τ1
.
= S1,1;c;S1,2 . . . c;S1,m (1 ≤ m)
~{+³yiv|§Ã+ivr
!
t ≤ adc3ade (S1,1) < t + ε (Init1)
T − ε < adc3ade (c;S1,i) ≤ T + ε (1 < i < m) (Period1)
r − ε < adc3ade (S1,m) ≤ r (End1)
d!egi¬suu~y{+r¡¢£xyuh0~s|¥xy{7|¥rµsuegi{¦~gg¤¥|¥ivxy{
S2
°|§sesuegi¬su|§h0i%uivr|}Iz+~¤
t1 = T−
adc ade
(c;S1,m)
ª
d!egivi7~yiGs¯°%x«r¡zg©g[w~Yr¡iPr!IiRiv{+I|¥{g2xy{se+iiIivwzgs|¥xy{s|¥h0i7x¢
S2
ª
·B~Y¸
T − adc3aie (c) − r ≤ adc3ade (S2)
!
d!e+|¥rG|}rwxY{+I|¨su|¥xy{¼·^y¸	sux$~ygg¤¥psegi0|§{+gz+wsu|§xY{eQpqRxsuegivr|¥rGxy{
S2
ª0j%xy{+I|§s|¥xy{ ·8Q¸?|¥r
−ε < T − adc3ade (c) − r ≤ T ²°eg|}w*e¢£xY¤§¤¥x´°	r¢£uxyh)segi¢c~Yws?se+~s aic3ade (c) ~{ r ~uiRxQr¡|§s|¥³yi®~{+
r < T− adc3aie (c)) ª ?®p|¥{+Izws|¥xy{eQpqRxsuegivr|}r² ∀τ2 ∈ Traces(ITc (S2, T−
(
adc3aie
(c) + r))), τ2
.
= S2,1;c;S2,2 . . . c;S2,n (1 ≤ n)
~{+³yiv|§Ã+iPr!
T − aic3ade (c) − r ≤ adc3aie (S2,1) < T −
adc3ade
(c) − r + ε (Init2)
T − ε < adc3ade (c;S2,i) ≤ T + ε (1 < i < m) (Period2)
r2 − ε <
adc ade
(S2,n) ≤ r2
[¢ aic3ade
(S, 2) = T − adc3ade (c) − r + q2(T −
adc3ade
(c)) + r2°|¨sue
0 ≤ q2
~{+
0 ≤ r2 < T −
adc ade
(c) (End2)
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?{QpiIivwzIsu|¥xy{s*~ywi
τ ∈ Traces(ITc (S1;S2, t))
|¥rx¢suegi¢£xyuh@!
τ
.
= S1,1;c;S1,2 . . . c;S1,m;S2,1;c;S2,2 . . . c;S2,n
 i"tz+r¡sMe+~´³yi®sx7w*egiPwu­se+~s
T −ε < adc3ade (c;S1,m;S2,1) ≤ T +ε
°e+|¥w*e¢£xY¤§¤¥x<°	r¢£uxyh+!
(End1) r − ε <
adc3aie
(S1,m) ≤ r
(Init2) T −
adc3ade
(c) − r ≤ adc3aie (S2,1) < T −
adc3ade
(c) − r + ε
 i7yis
T − ε < adc3ade (c) + aic3ade (S1,m) +
aic3ade
(S2,1) < T + ε
²+~y{+segiwxyh8©g|¥{giv
suu~Ywi
τ
r~s|}rtÃ+iPr®segi7guxyRiv¡stpyª
·£©¸ aic3ade
(S2) < T −
adc ade
(c) − r !?{QpiIivwzIsu|¥xy{s*~ywi
τ ∈ Traces(ITc (S1;S2, t))
|¥rx¢suegi¢£xyuh@!
τ
.
= S1,1;c;S1,2 . . . c;S1,m;τ2
oI|§{+wisadc3ade
(S1) = t + q(T −
adc3ade
(c)) + r
²
exet(S1;S2) = t + q(T −
adc ade
(c)) +
r +
adc3ade
(S2)
~y{+
0 ≤ r + adc3ade (S2) < T − exect(c)
ª  ie~P³yiGsx«wue+ivw*­2sue+~<s
r +
adc3ade
(S2) − ε ≤
adc3aie
(S1,m;τ2) < r +
adc3ade
(S2)
°e+|¥w*e0¢£xY¤§¤¥x´°	r¬I|¥uivwsu¤§p¢£xYh
(End1)
~y{+¦se+i¢c~Yws¬se+~sMsuegi+	)7'"6(&?¢£zg{+ws|¥xy{ru~<s|}r¡Ã+ivr
suegi7MuxyRistp·ByY¸²-.F0.&2ladc3ade
(τ2) =
adc ade
(S2)
ª
  a S = if b then S1 else S2
ª 	ivw~y¤§¤se+~s
!
ITc (if b then S1 else S2, t) = if b then ITc (S1, t − 1) else ITc (S2, t − 1)
\?i{+wiY²Ps*~ywivrµ~uiUxy¢qsegiM¢£xYh
τ = skip;S1,1;c;S1,2 . . . c;S1,m
xy
τ = skip;S2,1;c;S2,2 . . . c;S2,m
ª
oq|¥{+wi
t > 0
~{+
ε ≤ 1 ²I°%ie+~´³yi t − 1 > −ε ²grxsuegi|¥{+Iz+ws|¥xy{$eqpQRxysegiPr¡|}r!~ygg¤¥|§iPr®xY{ S1 ·ciPr¡µª
S2
¸ª¬d!egiui¢£xyuiy² ∀τ1 ∈ Traces(ITc (S1, t)), τ1 .= S1,1;c;S1,2 . . . c;S1,m (1 ≤ m)
~y{+³yiu|§Ã+ivr
!
t − 1 ≤ adc ade (S1,1) < t − 1 + ε (Init1)
T − ε < adc3ade (c;S1,i) ≤ T + ε (1 < i < m) (Period1)
r − ε < adc3ade (S1,m) ≤ r
[¢ adc ade
(S) = t − 1 + q(T − adc3ade (c)) + r (End)°|§se
0 ≤ q ~{ 0 ≤ r < T − adc ade (c)
[sG¢£xy¤¥¤¥x´°	r?sue+~<s
t ≤ adc3aie (skip;S1,1) < t + ε
~y{+asuegi0wxYh8©g|§{+ivasuu~Ywiru~<su|}rtÃ+iPr	suegi¦guxyRistpyª
d!egi7uiv~yrxy{g|¥{g|}r!segiru~h0i°|¨sue
S2
ª
  a S = for l = n1 to n2 do S
! 	ivw~y¤§¤sue+~<s6!
ITc (for l = n1 to n2 do S, t) = Fold(ITc (Unfold(for l = n1 to n2 do S), t))
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[s¢£xy¤¥¤¥x´°	r®se~<s
!
Traces(Fold(ITc (Unfold(for l = n1 to n2 do S), t)))
= Traces(ITc (Unfold(for l = n1 to n2 do S), t))
= Traces(ITc (l := n1; S; . . . , t))
d!egixYRi*~<sxY
Unfold
uig¤}~ywivr!¢ xY¡[¤¥xqxy$©Qpr¡iP¾Qzgi{+wivrxy¢Uwxyh0h2~{+grvª®d!eg|}r?w~Yr¡i7©RxY|§¤}r?Ix´°{sx
suegi~¤¥iP~yIp0suiP~<suiv$w~yri
S = S1;S2
ª

&  Ê Ê $:I &  Ê  Æ ´ Ç    Ê BcË: $ Ê  Æ  I Æ   Æ  Æ cËBc ¹gxY −ε < t ≤ 0 °®ie+~´³yi
ITc (S, t) = c;ITc (S, T −
aic3ade
(c) + t)
ªoq|¥{+wi¦MxYRis¯paegxy¤}gr?¢£xyGRxYr|§s|¥³yis|¥h0i¦iPr¡|}Iz+~¤}rv²R|¨s
¢£xY¤§¤¥x´°	rG¢£uxyh adc3aie
(c) + ε < T
~{ −ε < t se+~s T − adc3ade (c) + t |}r7RxYr|¨su|¥³yi2~{+segiui¢£xYi
∀τ ∈ Traces(ITc (S, T −
adc3aie
(c) + t)), τ
.
= S1;c;S2 . . . c;Sn (1 ≤ n)
~y{+³yiu|§Ã+ivr
!
T − adc3ade (c) + t ≤ adc3ade (S1) < T −
adc3ade
(c) + t + ε (Init)
T − ε < adc3aie (c;Si) ≤ T + ε (1 < i < n) (Period)
r − ε < adc3ade (Sn) ≤ r
[¢nadc3ade
(S) = T − adc ade (c) + t + q(T − aic3ade (c)) + r (End)°|§se
0 ≤ q ~{+ 0 ≤ r < T − adc3ade (c)
d!egis*~ywivr®|¥{
Traces(ITc (S, T −
adc3ade
(c) + t))
~yix¢se+i¢£xyuh@!
c;S1;c;S2 . . . c;Sn
.
= void;c;S1;c;S2 . . . c;Sn
oq|¥{+wi adc ade
(void) = 0
~y{+²g©QpeQpqRxsuegivr|}r² −ε < t ≤ 0 ²g°®ie+~´³yiD!
t ≤ adc3ade (void) < t + ε (Init)
[s!ivh2~|¥{+rMsux¦r¡e+x´°ºsue+~<s®se+i
(Period)
wxY{+I|§s|¥xy{egxY¤¥grv²=-/.F0.&2
T − ε < adc3aie (c;S1) < T + ε
ª  i
e+~´³yiD!
T − adc3ade (c) + t ≤ adc3ade (S1) < T −
adc3ade
(c) + t + ε
oq|¥{+wi adc ade
(c;S1) =
adc3aie
(c) +
adc ade
(S1)
~y{+ −ε < t ≤ 0 ²g°%i7wxy{+w¤§z+giD!
T − ε < T + t ≤ adc ade (c;S1) < T + t + ε ≤ T + ε

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